Introduction
============

A chronic increment of serum uric acid (SUA) levels, or hyperuricemia, is the main pathological condition for gout development. According to a revised guideline for the management of hyperuricemia and gout, the normal target value of SUA is 7 mg/dL,[@b1-vhrm-13-023] but the clinically relevant levels of SUA are not entirely clear, and their definition will require new considerations and reflections in the light of recent epidemiological and therapeutic data. For example, the American College of Rheumatology guidelines for management of gout indicate a target value of SUA of 6 mg/dL, probably more suitable, considering the increased prevalence of gout in the general population[@b2-vhrm-13-023] and the already verified association between hyperuricemia, cardiovascular disease (CVD), and chronic kidney disease (CKD). According to these considerations, a scientific goal to achieve as soon as possible is to establish a "normal" value universally agreed upon by researchers and clinicians. In fact, most authors have described an evident increment in SUA in the last few decades, such as Trifirò et al, who reported an increase in the prevalence of hyperuricemia using a cutoff of 6 mg/dL from 2005 (8.5%) to 2009 (11.9%).[@b3-vhrm-13-023] Furthermore, other epidemiological evidence confirms this trend, above all in Western countries: population-based studies have estimated a prevalence of up to 21% for hyperuricemia and 1%--4% for gout.[@b4-vhrm-13-023],[@b5-vhrm-13-023] This has important implications, because hyperuricemia is often included among the diagnostic criteria for metabolic syndrome, a complex disorder of the cardiometabolic system with possible serious systemic and hemodynamic consequences.[@b6-vhrm-13-023] Therefore, careful management of hyperuricemia, either resulting in crystal deposition or not, is crucial to prevent or even treat consequent CVD and CKD. As such, a first approach to the patient with hyperuricemia would surely be based on lifestyle changes (mainly defined as a diet low in red meat, sugars, and alcoholic beverages -- in particular beer -- with an increased intake of vegetables, some flavonoids, vitamin C sources, and water), but this is often insufficient to lower SUA levels to or below the target value, and drug therapy is required.[@b7-vhrm-13-023] The most common drugs used for the management of hyperuricemia are uricostatic agents (eg, allopurinol, oxypurinol, febuxostat), which reduce the production of UA through competitive inhibition of XO, and uricosuric agents (eg, probenecid, benzbromarone, and the most recent -- lesinurad), which favor the urinary excretion of UA, modulating the resorption of urate in the renal tubule.[@b8-vhrm-13-023] The aim of this review is to emphasize the importance of a rapid diagnosis of hyperuricemia, considered as a multifactorial pathological condition closely related to cardiovascular and renal complications. We would like to raise awareness among general practitioners to test SUA levels more often, especially in subjects with one or more risk factors for improving cardiovascular and renal risk global framing. We also summarize the main classes of drugs in use, and particularly the role of XO inhibitors, in the careful management of hyperuricemia in clinical practice.

Management of hyperuricemia
===========================

Role of xanthine oxidoreductase in uric acid metabolism
-------------------------------------------------------

UA is the final product of purine-based (adenine and guanine) catabolism, formed by the liver and excreted primarily by the kidneys and in a lesser amount by the intestine.[@b9-vhrm-13-023] UA is capable of antioxidant activity in the extracellular ambient,[@b10-vhrm-13-023] but intracellularly it has opposite effects, promoting oxidative stress and inflammatory processes.[@b11-vhrm-13-023] Under ischemic conditions or because of tissue damage, the prooxidant effect of UA promotes lipid oxidation, obstructing the protective action of high-density lipoproteins, and favors atheromatous lesion development.[@b12-vhrm-13-023] It is well known that excess UA is strongly related to greater oxidative stress, and XO seems to have a crucial role in this process. XO is the main enzyme complex responsible for UA formation. It catalyzes in the biochemical process of UA synthesis the final two conversions of hypoxanthine to xanthine and xanthine to UA. It also participates in other different biochemical chains contributing to the metabolism of purines, pterins, and aromatic heterocycles; moreover, XO in particular contexts can oxidize nicotinamide adenine dinucleotide (NADH), inducing the reactive oxygen species (ROS) formation that favors vascular inflammation.[@b13-vhrm-13-023]

Drug treatment for hyperuricemia
--------------------------------

Currently, the drugs of first choice for long-term management of hyperuricemia are XO inhibitors with uricostatic features (eg, allopurinol, oxypurinol, febuxostat), which lower SUA levels through competitive inhibition of XO. Following oral administration, allopurinol is rapidly absorbed in the upper gastrointestinal tract, reaching peak plasma concentrations in approximately 30 minutes, and it has a plasma half-life of 2--3 hours. The main active metabolite of allopurinol is oxypurinol, excreted and partly reabsorbed in the kidneys; it has the same mechanism of action, a longer plasma half-life of 14--30 hours, but lower oral bioavailability than its precursor.[@b14-vhrm-13-023] Febuxostat is a new nonpurine, selective inhibitor of XO, blocks the active pterin--molybdenum center of the enzyme complex, and unlike allo/oxypurinol, does not determine enzyme turnover, avoiding the consequent undesired production of ROS. Following oral administration, it is completely absorbed in the upper gastrointestinal tract, reaching peak plasma concentrations in approximately 1 hour, with a plasma half-life of 1.5--16 hours. Febuxostat is metabolized and excreted predominantly through hepatic conjugation processes. Recent studies have shown that it is more potent and effective than allopurinol in producing anti-inflammatory effects on the endothelium and lowering SUA levels.[@b15-vhrm-13-023],[@b16-vhrm-13-023] Malik et al pointed to febuxostat's ability of to inhibit glycosaminoglycan-bound and endothelial cell-bound XO in support of its better efficacy.[@b17-vhrm-13-023] The standard dosage of febuxostat is 80--120 mg/day, even though remarkable decreases in SUA levels have been observed with a lower dose of 40 mg/day. In fact, Ernst and Fravel claimed that a greater number of subjects reached target SUA values (6 mg/dL) with febuxostat 40 mg (45%) than with allopurinol 300 mg (42%), and a higher dose of febuxostat (80 mg) resulted in a further increase in this percentage (67%).[@b18-vhrm-13-023] Ye et al showed that a greater number of subjects were able to reach target SUA values with administration of more selective and less toxic febuxostat (40 mg/day) than allopurinol (100--300 mg/day) (odds ratio \[OR\] 3.14, *P*\<0.01); furthermore, at the final visit 50.9% of the febuxostat group versus 46.5% of the allopurinol group achieved SUA levels ≤6 mg/dL (OR 1.25; 95% confidence interval \[CI\] 1.05--1.49; *P*=0.01).[@b19-vhrm-13-023] These data were widely confirmed by Li et al in a recent review, where they suggested with pairwise meta-analysis that febuxostat was the most effective drug to achieve target SUA levels ([Figure 1](#f1-vhrm-13-023){ref-type="fig"}).[@b20-vhrm-13-023]

A new and powerful inhibitor of XO that is still being studied is 3,4-dihydroxy-5-nitrobenzaldehyde (DHNB), which has a time-dependent mechanism of action similar to that of allopurinol. Some studies suggest it has low toxicity and enhances therapeutic effectiveness, even at low doses, if coadministered with allopurinol. Moreover, DHNB has a direct antioxidant capacity, reducing free radicals and ROS production.[@b21-vhrm-13-023]

In clinical practice, there is an alternative class of drugs often used in subjects intolerant to XO inhibitors -- the uricosuric agents (eg, probenecid, benzbromarone, and the most recent -- lesinurad) -- which result in increased urinary excretion of urate by modulating renal tubule reabsorption.[@b8-vhrm-13-023] Probenecid, the older uricosuric drug, acts at the proximal renal tubule level by inhibiting the main protein transporter of urate (URAT1). After oral administration, it is rapidly absorbed in the upper gastrointestinal tract, reaching peak plasma concentrations in approximately 2--4 hours, with a variable plasma half-life of 4--17 hours. It is not indicated in patients with kidney stones of UA, CKD, or blood dyscrasias. Benzbromarone (URAT1 inhibitor) is rarely used, because of its evident hepatotoxicity.[@b12-vhrm-13-023] Lesinurad, another important URAT1 inhibitor, lowers SUA levels to target value if coadministered with allopurinol or febuxostat in \>60% of subjects.[@b22-vhrm-13-023] In some patients refractory to conventional treatments, it is possible to use for a short period polyethylene glycolated uricases (pegloticase and pegadricase) that stimulate UA metabolism,[@b17-vhrm-13-023],[@b18-vhrm-13-023] but at the same time lead to the formation of H~2~O~2~ molecules (UA + O~2~ → allantoin + H~2~O~2~), with obvious consequences to be considered also in everyday clinical practice.[@b23-vhrm-13-023],[@b24-vhrm-13-023]

The main drugs approved for the treatment of hyperuricemia and their mechanism of action are reported in [Table 1](#t1-vhrm-13-023){ref-type="table"}. We also cite cases of gout, diagnosed according to recent and more appropriate classification criteria[@b25-vhrm-13-023] and treated following the clinical and therapeutic measures proposed by the last European League Against Rheumatism update.[@b26-vhrm-13-023] Urate-lowering therapy is closely indicated from the first clinical manifestation of gout to achieve target SUA values (\<6 mg/dL); also, in patients with severe gout, target values are lower (\<5 mg/dL) to facilitate crystal dissolution and resolution. In our clinical practice, the choice of drug/s is related to the severity of clinical conditions, to previous contraindications, and to the presence of kidney impairment and/or other comorbidities, so we fully adhere to the aforementioned guidelines.[@b25-vhrm-13-023]

Safety and tolerability of XO inhibitors
----------------------------------------

Allopurinol is considered a safe drug with good overall tolerability; nonetheless, in rare cases (\<2%) it can cause hypersensitivity reactions, sometimes even fatal. Moreover, its use has been associated with side effects, such as diarrhea, stomach pain, skin rash, headache, dizziness, and drowsiness. Dose-related and idiosyncratic side effects occur mainly in patients with renal impairment, where the use of lower doses of allopurinol does not adequately control the risk of gout.[@b27-vhrm-13-023] Febuxostat has an excellent safety and tolerability profile, and also in subjects with moderate renal impairment, because of its hepatic metabolism. The most frequent side effects are increased levels of liver transaminases, gastrointestinal disorders, and skin rash. Clinical trials have shown that effectiveness and tolerability of febuxostat are significantly higher than allopurinol in patients with hyperuricemia or gout,[@b13-vhrm-13-023],[@b14-vhrm-13-023] but above all in patients with renal failure, where febuxostat was safer in terms of relative risk (RR) of adverse events (OR 0.85, 95% CI 0.75--0.97).[@b28-vhrm-13-023] These data support previous clinical findings that the SUA-lowering efficacy of febuxostat is greater than that of allopurinol in patients with hyperuricemia with or without CKD.

Cardiovascular and renal effect of XO inhibitors
------------------------------------------------

In the recent past, several studies have suggested that hyperuricemia is involved in the pathogenesis of different systemic disorders that affect cardiovascular and renal systems, such as hypertension, atherosclerosis, chronic heart failure (CHF), CKD, and stroke.[@b7-vhrm-13-023],[@b9-vhrm-13-023],[@b29-vhrm-13-023],[@b30-vhrm-13-023] Some investigators emphasize the role of oxidative stress as a common event promoting the development of the aforementioned pathologies. As described earlier, UA has prooxidant effects in the intracellular context, reducing nitric oxide availability and increasing ROS production, low-density lipoprotein peroxidation,[@b31-vhrm-13-023] and endothelial dysfunction.[@b32-vhrm-13-023] Therefore, high SUA levels, responsible for different inflammatory and prooxidant processes, are strongly related to an elevated cardiovascular risk.[@b33-vhrm-13-023] Moreover, it is well known that an increase in XO activity may induce higher SUA and ROS levels, with a direct impact of XO expression in severe inflammatory and ischemic events.[@b34-vhrm-13-023],[@b35-vhrm-13-023] Therefore, treatment with XO inhibitors has beneficial effects on hyperuricemia, gout, and different forms of ischemic and vascular injuries and inflammatory and metabolic diseases.[@b36-vhrm-13-023],[@b37-vhrm-13-023] The protective role of allopurinol on the cardiovascular system is expressed not only by lowering SUA levels but also by different nonselective actions causing free-radical scavenging and reduced lipid peroxidation.[@b29-vhrm-13-023] As reported in the literature, a decrease in SUA levels is associated not only with an improvement in blood pressure values[@b20-vhrm-13-023],[@b38-vhrm-13-023] but also with some additional benefits, such as better control of the ascertained residual cardiovascular risk, present also in subjects with well-controlled hypertension.[@b39-vhrm-13-023] Most of these favorable effects have been achieved by the antioxidant capacity of XO inhibitors, rather than their lowering effect on SUA levels.[@b28-vhrm-13-023] According to different authors, treatment with allopurinol (at elevated dosage) may cause an improvement in endothelial function in subjects with CHF and type 2 diabetes mellitus with mild hypertension,[@b40-vhrm-13-023],[@b41-vhrm-13-023] but no similar effect was observed after the administration of probenecid, despite a comparable reduction in SUA.[@b33-vhrm-13-023] Doehner et al suggested relevant improvements in forearm and leg blood-flow peak (detected with plethysmography) of 24% and 23%, respectively, in CHF patients after therapy with allopurinol (300 mg/day) compared to the placebo phase. Moreover, these patients showed an important reduction of 20% in allantoin values, a marker of oxygen production due to free radical action, compared to baseline.[@b42-vhrm-13-023] Butler et al[@b41-vhrm-13-023] described a significant decrease in malondialdehyde in subjects with type 2 diabetes mellitus treated with allopurinol (300 mg/day) versus a placebo group (0.3±0.04 versus 0.34±0.05 μmol/L, *P*\<0.05); malondialdehyde is a biomarker of low-density lipoprotein peroxidation due to free radical insult.[@b33-vhrm-13-023]

In many epidemiological and clinical studies, a relationship between hyperuricemia and risk of hypertension and CKD development is claimed.[@b31-vhrm-13-023],[@b43-vhrm-13-023] The excess UA could interfere with the renin--angiotensin system, causing reduced availability of nitric oxide and resulting in renal vasoconstriction with an increase in blood pressure; in addition, pro-inflammatory effects of elevated SUA levels promote CKD development or progression.[@b30-vhrm-13-023] Allopurinol treatment may improve the course of CKD,[@b44-vhrm-13-023] as reported by Goicoechea et al, who showed that allopurinol administration reduces CRP values, improves and slows the evolution of renal disorders, reduces the number of hospitalizations (RR 62%), and lowers cardiovascular risk (RR 71%).[@b45-vhrm-13-023]

Long-term treatment
-------------------

Although all possible side effects due to allopurinol treatment have been reported in the literature, including allopurinol-hypersensitivity syndrome, associated with high mortality (20%--25%), most studies mentioned herein did not detect any of them. The daily dose of allopurinol recommended for reaching target values of uricemia is 100--600 mg, although sometimes it must be up to 900 mg in patients without impaired renal function.[@b46-vhrm-13-023] Different studies show a dose--response effectiveness for allopurinol to achieve beneficial effects on blood pressure and endothelial function; in fact, a higher dosage of allopurinol (300 mg twice daily) has resulted in quality improvement of vascular biology and left ventricular hypertrophy.[@b47-vhrm-13-023] In obese or hypertensive adolescents, the dosage of allopurinol administered was 200 mg twice daily,[@b48-vhrm-13-023],[@b49-vhrm-13-023] but in older adults it seems necessary to increase the dosage to lower blood pressure values.[@b29-vhrm-13-023] Beattie et al suggested the use of allopurinol at doses of ≥300 mg daily or the more selective febuxostat at lower dosage (80--120 mg) in future clinical trials, to confirm and clarify their role in CVD and CKD prevention and treatment.[@b38-vhrm-13-023] The main recommendations for optimal management of silent hyperuricemia to prevent gout development and possible cardiorenal sequelae according to current guidelines are resumed in [Table 2](#t2-vhrm-13-023){ref-type="table"}.[@b1-vhrm-13-023],[@b40-vhrm-13-023],[@b50-vhrm-13-023]

Conclusion
==========

In the recent past, hyperuricemia was considered a multifactorial pathological condition, implicated in the pathogenesis of several important metabolic disorders and closely related to CVD and renal incident development.[@b6-vhrm-13-023],[@b7-vhrm-13-023],[@b9-vhrm-13-023] It is well known that XO-inhibitor administration is the first choice to treat hyperuricemia and gout. Besides effectiveness in reducing SUA levels, antioxidant effects of allopurinol (at high doses) and febuxostat and their ability to improve endothelial function have been already shown in patients with CHF[@b32-vhrm-13-023] and type 2 diabetes mellitus.[@b33-vhrm-13-023] As mentioned earlier, elevated SUA levels are considered a predisposing condition to hypertension onset and consequently related to CVD and CKD.[@b51-vhrm-13-023] Even in subjects with well-controlled hypertension, residual cardiovascular risk remains, which in light of recent findings and especially after future studies could be attenuated by this class of drugs, particularly by febuxostat, which is more selective and better tolerated than allopurinol. Do XO inhibitors represent a new strategic class of drug for better future management of CVD and CKD? This question remains open, but we hope that in the near future will have a concrete answer based on growing scientific evidence and ongoing clinical trials.
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![Results from pairwise meta-analysis on the size effect of urate-lowering therapy with major drugs.\
**Note:** Adapted from *Clin Ther*, 2013;35, Ye P, Yang S, Zhang W, et al, Efficacy and tolerability of febuxostat in hyperuricemic patients with or without gout: a systematic review and meta-analysis, Copyright (2013), with permission from Elsevier.[@b19-vhrm-13-023]\
**Abbreviations:** A, allopurinol (100--300 mg/day); F80, febuxostat 80 mg/day; B, benzbromarone (100--200 mg/day); F120, Febuxostat 120 mg/day; F240, Febuxostat 240 mg/day.](vhrm-13-023Fig1){#f1-vhrm-13-023}

###### 

Main approved drugs to treat hyperuricemia

  Drug                   Mechanism
  ---------------------- -------------------
  Allopurinol            XO inhibitor
  Oxypurinol             XO inhibitor
  Febuxostat             XO inhibitor
  Probenecid             URAT1 inhibitor
  Benzbromarone          URAT1 inhibitor
  **Recent new drugs**   **Mechanism**
  DHNB                   XO inhibitor
  Lesinurad              URAT1 inhibitor
  Pegloticase            PEGylated uricase
  Pegadricase            PEGylated uricase

**Abbreviations:** DHNB, 3,4-dihydroxy-5-nitrobenzaldehyde; PEG, polyethylene glycol.

###### 

Key recommendations for the management of hyperuricemia

  A careful management of chronic hyperuricemia
  -----------------------------------------------------------------------------------------------------
  • **Correct education** of patients to improve adherence and optimize the results
  • **Modifiable risk factors:**
   • Obesity (Weight loss and restriction of dietary purines)
   • Reduce/abolish beer, sodas, spirits, and fructose-rich beverages consumption
   • Increase the intake of vitamin c
   • Reduce or stop Loop and thiazide diuretics therapy
  • SUA levels should be under the target value of 7 mg/dL
  • Assess the global cardiovascular risk of patients with elevated SUA levels
  • Urate lowering therapies with XO inhibitors should be prescribed as soon as the diagnosis is made

**Abbreviation:** SUA, serum uric acid.
